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ABSTRACT 

This r e p o r t  i s  a review o f  techniques used by t h e  Alaska Department o f  F i sh  
and Game (ADF&G) t o  forecast  re tu rns  o f  sockeye salmon (Oncorhynchus nerka) 
t o  B r i s t o l  Bay, Alaska, i n  1986. The f i n a l  forecast ,  based on t h e  weighted 
mean o f  two independent f o recas t i ng  methods (Standard ADF&G and analyses of 
Japanese Research Catches), was f o r  a t o t a l  r e t u r n  o f  22.5 m i l  1 i o n  (80% 
confidence range, 15.1 t o  29.9 m i l l i o n )  and a commercial harvest  of 13.3 
m i l  1 i o n  (80% conf idence range, 7.5 t o  20.2 m i l  1 i o n )  sockeye salmon. Standard 
ADF&G p red i c t i ons ,  made f o r  i n d i v i d u a l  r i v e r  systems by major age classes 
(4,, 5,, 5,, and 6 , ) ,  were based upon spawner-recru i t  r e l a t i o n s h i p s  ( e s t i -  
mated re tu rns  from the 1980, 1981, and 1982 spawning escapements), r e t u r n  of 
s i b l i n g  age classes i n  1985, and est imates o f  smol t - t o - a d u l t  re tu rns  ( e s t i -  
mate re tu rns  from smolt  m ig ra t i ng  t o  sea i n  1983 and 1984). Japanese 
Research Catches p red i c t i ons ,  made f o r  a l l  o f  B r i s t o l  Bay by two- (4, and 
5,) and three-ocean (5, and 6,) age classes, were based upon mean ca tch  per  
u n i t  o f  e f f o r t  and l eng th  o f  immature sockeye salmon repor ted  by Japanese 
research vessels f i s h i n g  south o f  t he  A leu t i an  Is lands  i n  J u l y  1985. D i f fe r -  
ences i n  p r e d i c t i o n s  between the  two methods, as we l l  as among component 
es t imators  w i t h i n  t h e  Standard ADF&G method, suggested t h a t  most l i k e l y  de- 
v i a t i o n s  from the  pooled fo recas t  would be greater  than p red i c ted  two-ocean 
re tu rns  and l e s s  than pred ic ted  three-ocean re turns .  

KEY WORDS: sockeye salmon, salmon forecasts,  popu la t ion  dynamics, B r i s t o l  
Bay. 



INTRODUCTION 

The purpose of th i s  report i s  to  provide a final pre-season forecast for  
sockeye salmon (Oncorhynchus nerka) returns to  Bri st01 Bay, A1 aska, i n  
1986. Specific objectives are (1 ) to  present resul ts  of the various 
methods used to  forecast sockeye salmon returns to  Bristol Bay, (2)  to  
document the performance of these various methods, and (3)  to  indicate 
where actual returns are most l ikely to  depart from pre-season expectations. 

Until 1983, the annual pre-season forecast used by the Alaska Department of 
Fish and Game ( A D F & G )  was calculated as the unweighted average of estimates 
obtained from spawner-recrui t re1 ationships, s ibl ing age class returns, and 
smolt-to-adult returns for  individual age classes and river-lake systems. 
Forecasts obtained from th is  method, referred to  as the Standard ADFAG 
method, had a mean error  within 36% of actual total  r u n  s ize  for  the period 
1973-1985. Other forecasting methods have also been examined, b u t ,  while 
average performance of some of these has been bet ter  than the Standard ADF&G 
method, year to  year r e l i a b i l i t y  has been inconsistent. Beginning in 1983, 
attempts were made to  improve forecast r e l i a b i l i t y  by pooling resul ts  from 
the Standard ADF&G method w i t h  resul ts  from some of the other available 
forecast methods (Eggers 1983a and b ,  Fried and Yuen 1985). A1 though only 
three years of data are available fo r  comparison, resul ts  have been encour- 
aging; mean forecast accuracy has been within 22% of actual total  run s ize.  

The 1986 pre-season forecast i s  for  a to ta l  return of 22.5 million sockeye 
salmon, based upon the wei ghted mean of the resul t s  of two methods : 1 ) 
Standard ADF&G and 2) Japanese Research Catches. 

METHODS 

Age Designation 

Adult agees were expressed according to  Gi 1 bert and Rich (1 927) designations, 
where total  age i n  years i s  indicated as well as total  time in years spent 
within freshwater (subscript) .  Four age classes account for  about 98% of 
total  returns: 4,, 5,, 5,, and 6, (4-, 5-, and 6-year-old sockeye salmon 
which spent e i ther  two or three years within freshwater). These ages a re  
equivalent to the following European-style (Koo 1962) designations: 1.2, 
2 .2 ,  1.3, and 2.3, respectively. 

Smolt ages were expressed as Roman numerals corresponding to  the number of 
annular marks on the i r  scales. Two age classes account for  about 98% of 
smolt populations: I (2, or 0.2) and I1 (3, or  0.3) ( i . e . ,  sockeye salmon 
that  remained e i ther  two or three years, respectively, i n  freshwater prior 
to  migrating seaward). 

Standard ADF&G Forecast 

The forecast based upon the Standard ADF&G method provided estimates of 
sockeye salmon returns for  individual river-lake systems and major age 



classes. Three components were inc luded w i t h i n  the  Standard ADF&G method: 
1  ) spawner-recrui t re la t i onsh ips ,  2 )  s ib1  i n g  age c lass  re turns ,  and 3 )  
smol t- to-adul t re turns .  Each of these th ree  components, i f  avai l ab le ,  were 
weighted equa l l y  and averaged fo r  each system and age c lass.  I n  some cases 
a  r e s u l t  from a  component was excluded from f i n a l  ca l cu la t i ons .  The r a t -  
i ona le  f o r  each exclus ion can be found w i t h i n  the appropr iate p o r t i o n  o f  the  
Results and Discussion sect ion.  

Spawner- Recrui t Est imators : 

Pred ic ted  re tu rns  from spawner-recrui t  r e l a t i o n s h i p s  were based upon dome- 
shaped, R i  cker  (1 954) curves having the general equat ion: 

where 

= number of r e t u r n i n g  sockeye salmon ( r e c r u i t s )  from 
Ri " brood year y; 

E~ 
= number o f  spawners of a l l  ages i n  brood year y; 

a  and b  = parameters which determine curve shape. 

Age-specif ic spawner-recrui t ( i  l , regress ing  R i  ,y aga ins t  Ey) models 
(Brannian e t  a l .  1982) were used t o  make t h i s  year  s  f o recas t  f o r  each 
system r a t h e r  than the  t o t a l  r e t u r n  models which were used i n  pas t  years 
(e.g., F r i e d  and Yuen 1985). This  e l im ina ted e r r o r s  due t o  age c lass  
apportionment, whi ch were d i f f i c u l t  t o  quan t i f y ,  and produced h indcas t  a t  
l e a s t  as accurate as the p rev ious l y  used, t w o - t i e r  method. 

I n  cases where ac tua l  re tu rns  t o  date f o r  a  brood year were a l ready  much 
greater  o r  l ess  than those pred ic ted  from Ricker  spawner-recrui t  r e l a t i o n -  
ships, fo recas ts  were ca l cu la ted  us ing  the  f o l l o w i n g  general equat ion: 

where 

Mi 
= mean p ropo r t i on  o f  age c lass  i w i t h i n  pas t  brood year  

returns;  

T~ 
= t o t a l  re tu rns  t o  date from brood year  y; 

C = mean p ropo r t i on  o f  younger age classes ( i  .e., 1  t o  i - 1  ) i n  
t he  re tu rns  by brood year.  



where 

Y = total  number of brood years that  complete return data 
i s  available. 

This was referred t o  as the mean proportion method of the spawner-recruit 
component. 

Sib1 i n g  Age Classes Estimators: 

Predicted returns from sibling age classes (younger age classes from the 
same brood year) were based upon a l inear  regression model with the general 
equation: 

where 

ln [Ri  ,y] = natural logarithm of return of age class  i from 
brood year y; 

l n rR( i -1  l Y y  1 = natural logarithm of return of age class ( i -1 )  from 
brood year y; 

c and d = intercept and slope of l ine ,  respectively. 

Smol t Producti on-Survival Estimators : 

Two methods were used to  predict adult  returns from smolt data. The f i r s t  
was a l inear  regression model w i t h  the general equation: 

where 

lnCSk,y ] = natural logarithm of number of age k smolt produced 
from brood year y (where k = age I or I I ) ;  

f and g = intercept and slope of l ine,  respectively. 

The second was based upon estimates of both mean survival and age of maturity 
and had the general equation: 

where 
Pk = proportion of a l l  age k smol t which survive t o  maturity; 

Mk,i 
= proportion of age k smolt which return as age class i 

adults. 



The f i r s t  method could only be used for  Kvichak and Wood River systems, since 
these were the only two systems w i t h  enough data relat ing smolt numbers and 
subsequent adult returns for  regression analysis. Smolt enumeration programs 
using sonar were begun in 1971 for  the Kvichak River and in 1974 for  the Wood 
River system. 

The second method was used for  the Naknek, Egegik, Ugashik, and Nuyakuk sys- 
tems, since not enough data were available for  regression analysis. Smolt 
enumeration programs using sonar were begun in 1982 for  the Naknek and Egegik 
Rivers and in 1983 for  the Ugashik and Nuyakuk Rivers. However, due to  the 
limited amount of data available, estimates of smolt survival and maturity 
had to  be based on mean values observed for  Kvichak and Wood River system 
smolt. Therefore, estimates based upon smol t data for  Naknek, Egegik, Uga- 
shi k ,  and Nuyakuk systems were only used as indicators of how actual returns 
m i g h t  deviate from the final forecast. 

Forecast Based on Ja~anese  Research Catches 

The forecast method based upon the Japanese Research Catches provided e s t i -  
mates of total  sockeye salmon returns to  Bristol Bay by two-ocean (4, and 5,) 
and three-ocean (5, and 6 ) age groups. Predictions were made using data on 
catch per unit of e f fo r t  ICPUE) and mean length of immature sockeye salmon 
captured by Japanese research vessels fishing south of the Aleutian Islands 
during July 1985 (Takagi and I to  1985) along w i t h  Bristol Bay a i r  tempera- 
tures (Cl imatol ogi cal Data Pub1 ications,  U .  S. Department of Commerce, Nat- 
ional Climatic Data Center, Asheville, North Carolina) w i t h i n  a mu1  t i p l e  
1 inear regression model : 

where 

= returns of ocean age group m in year t ;  

'm-I ,  t-1 = mean length of ocean age group m-1 i n  Japanese research 
gi 11 net sample in summer preceding return year ( i  .e . ,  
t -1 ) ;  

J t - l  , J t - 2  = mean June Cold Bay a i r  temperature in the year and two 
years preceding the return year t ,  respectively; 

1 , t- 1 = geometric mean CPUE of ocean age group m-1 i n  Japanese 
research g i l l  net sampling the year preceding the return 
year; 

h ,  nl, n,, and n, = constants. 

For example, the number of three-ocean (5, and 6,) sockeye salmon expected 
to  return t o  Bristol Bay in 1986 was based upon geometric mean CPUE and fork 
length of two-ocean immature sockeye salmon captured by Japanese research 



vessels fishing south of the Aleutian Islands during July 1985 and the sum 
of mean June Cold Bay a i r  temperatures for 1984 and 1985. 

Prior to  1985, these data were used to  produce three separate forecasts: 
one based only upon geometric mean CPUE,  another based only upon arithmetic 
mean CPUE,  and a third based upon both mean fork length and mean June Cold 
Bay a i r  temperatures (Eggers e t  a l .  1983a and b ) .  In 1985 use of arithmetic 
mean CPUE data was discontinued since we f e l t  that  geometric mean CPUE data 
would best meet regression assumptions of normality and homoscedastici ty. 
We also combined temperature, length, and geometric mean CPUE data as inde- 
pendent variables within a single model. Since Japanese Research Catches 
method has only been used since 1985, past performance was simulated w i t h  a 
"hindcasting" procedure i n  which predicted returns fo r  each year were cal-  
culated using data only from the years prior to  the year of in te res t .  The 
e a r l i e s t  year for  which a hindcast could be calculated was 1977, since Japan- 
ese research vessel catch data were f i r s t  available fo r  the summer of 1972 
and a minimum of f ive years of data were needed to  f i t  a multiple regression 
model having three independent variables. To determine how forecast accur- 
acy m i g h t  be affected by using temperature, length, and CPUE data w i t h i n  a 
single model, hindcasts from the Japanese Research Catches model were com- 
pared with hindcasts from a model using only CPUE data and a model using 
only length and temperature data. 

A jackknife procedure was used i n  1985 t o  assess accuracy of models without 
a past history of published resul ts  (Fried and Yuen 1985). For th i s  proce- 
dure, predictions for  past years were made with a model using data from a l l  
years except tha t  for  which the prediction was made. However, we f e l t  that  
a hindcasting procedure better simulated past performance and thus produced 
measures of accuracy more comparable w i t h  published ADF&G forecasts. 

Poolina Forecast Results 

Pooled forecasts for  each ocean age class  were czlculated from resul ts  of: 
(1)  Standard ADF&G and Japanese Research Catches methods and ( 2 )  Standard 
ADF&G, Temperature-Length , and Geometric CPUE methods. Resul t s  of indepen- 
dent methods were pooled based upon the past performance of each method in 
forecasting sockeye salmon returns to  Bristol Bay. The inverse variance of 
the regression of forecasted (independent variable) versus actual (dependent 
variable) returns for  each method was used as the weighting factor  in cal- 
cul a t i  ng pooled forecasts (Snedecor and Cochran 1969) : 



where 

Fk = weighted mean fo recas t  o f  re tu rns  f o r  ocean age 
group k  ; 

Fj ¶ k  
= method j fo recas t  f o r  re tu rns  o f  ocean age group k; 

v j  ,k 
= var iance (s tandard e r r o r  squared) o f  method j f o recas t  

f o r  ocean age group k. 

Variance est imates f o r  each pooled ocean age fo recas t  were ca l cu la ted  us ing  
the f o l l o w i n g  formula f o r  samples o f  equal s i z e  (Snedecor and Cochran 1969): 

where 

VPk 
= var iance est imate f o r  pooled fo recas t  o f  ocean age group 

k. 

The standard e r r o r  o r  each pooled ocean age fo recas t  was ca l cu la ted  as: 

where 

SEk = standard e r r o r  f o r  pooled fo recas t  o f  ocean age group k. 

F i n a l l y ,  80% conf idence l i m i t s  f o r  each pooled ocean age group fo recas t  was 
est imated us ing  the  f o l l o w i n g  r e l a t i o n s h i p :  

80% C.L. = F~ 7 x S E k l  

where 

= Student 's  t value w i t h  a  p r o b a b i l i t y  o f  type I e r r o r  
20[df1 o f  0.20 and d f  , degrees o f  freedom; 

df = sum o f  degrees o f  freedom of var iance terms = n(N-1), 
where N = number o f  years examined f o r  each o f  t he  n  
methods used i n  the  pooled fo recas t .  

Pooled two-ocean and three-ocean age forecasts o f  t o t a l  r u n  s i z e  ( i n c l u d i n g  
est imates o f  upper and lower 80% conf idence l i m i t s )  were apport ioned among 



i n d i v i d u a l  r i v e r - 1  ake systems by major age classes based upon propor t ions  
w i t h i n  the o r i g i n a l  Standard ADF&G forecas t .  

RESULTS AND DISCUSSION 

Tota l  B r i s t o l  Bay Forecast 

The Standard ADF&G and Japanese Research Catches methods produced t o t a l  
B r i s t o l  Bay fo recas ts  o f  23.7 and 19.1 m i l l i o n  sockeye salmon, respec t i ve l y  
(Table 1 ) .  The Japanese Research Catches method produced a s l i g h t l y  g rea ter  
two-ocean age group p r e d i c t i o n  (13.7 m i l l i o n )  and a much l e s s e r  three-ocean 
age group p r e d i c t i o n  (5.4 m i l l i o n )  than the  Standard ADF&G method (11.9 and 
11.8 m i l  1 i o n  two-ocean and three-ocean re turns ,  respect ive ly ,  Table 2) .  

D i f fe rences i n  t o t a l  and ocean age group p red i c t i ons  between the  Standard 
ADF&G and Japanese Research Catches methods were d i f f i c u l t  t o  r e c o n c i l e  
s ince the  pas t  performance o f  both methods, i nd i ca ted  by t h e i r  standard 
e r ro rs ,  was s i m i l a r  (Table 3). The f i n a l  weighted pooled fo recas t  o f  t o t a l  
re tu rns  was 22.5 m i l l i o n  sockeye salmon (Table 4), w i t h  an 80% conf idence 
i n t e r v a l  o f  15.1 t o  29.9 m i l l i o n .  To ta l  p ro jec ted  harvest  was 13.3 m i l l i o n  
sockeye salmon (Table 4),  w i t h  an 80% conf idence i n t e r v a l  o f  7.5 t o  20.2 
m i l l i o n  (assuming the  p r o p o r t i o n  o f  t he  t o t a l  run  r e t u r n i n g  t o  i n d i v i d u a l  
systems remained constant  f o r  t o t a l  run  s izes  w i t h i n  the  80% conf idence 
i n t e r v a l  ) . 
Comparison o f  Japanese Research Vessel Data Models 

Comparison o f  h indcas t  r e s u l t s  o f  t h e  th ree  models us ing  Japanese research 
vessel catch data i n d i c a t e d  t h a t  the Japanese Research Catches model was 
most accurate f o r  two-ocean re tu rns  and l e a s t  accurate f o r  three-ocean 
re tu rns  (Table 3).  However, these performance d i f f e rences  were small and 
a l l  th ree  models produced s i m i l a r  t o t a l  fo recas ts  f o r  1986 (Table 2).  Pool- 
i n g  Standard ADF&G r e s u l t s  w i t h  those obta ined from the  Temperature-Length 
and Geometric Mean CPUE models produced a t o t a l  r e t u r n  est imate o f  21.9 
m i l  1 i o n  (80% conf idence range, 14.6 t o  29.3 m i l  1 i o n )  and a p ro jec ted  harves t  
o f  12.5 m i l l i o n  (80% conf idence range, 6.7 t o  19.5 m i l l i o n ) .  These est imates 
were very  s i m i l a r  t o  those produced by poo l i ng  Standard ADF&G w i t h  Japanese 
Research Catches est imates. These r e s u l t s  were i n  accord w i t h  the  assumption 
t h a t  combining temperature, length,  and CPUE data i n t o  a s i n g l e  model ( i  .e., 
Japanese Research Catches model) would n o t  a f f e c t  f o recas t i ng  performance. 

River-Lake Sys tem Forecasts 

F ina l  fo recas ts  f o r  each system and major age c lass  (Table 4) were based 
upon the  d i s t r i b u t i o n  o f  re tu rns  w i t h i n  the  Standard ADF&G fo recas t  (Table 
5 ) .  The Standard ADF&G fo recas t  f o r  each system and major age c lass  was 
ca l cu la ted  as the  unweighted mean o f  r e s u l t s  from three components: spawner- 
r e c r u i t  (used f o r  a l l  systems and age classes),  s i b l i n g  age classes (used f o r  
a l l  systems and age classes whenever poss ib le ) ,  and smol t (used f o r  Kvichak 
and Wood R ive r  systems on l y ) .  Cases i n  which r e s u l t s  o f  a component were 



Table 1. Comparisons o f  forecasts of sockeye salmon re turns  t o  B r i s t o l  Bay, 
Alaska, 1961-1985, made us ing three methods. 

Forecast (millions) .............................. Actual Return 
Japanese (millions) 

Standard Research Weighted ----------------- 
Year ADF&G catches2 ~ e a n ~  Inshore Total .......................................................... 
1961 43.6 18.1 24.5 
1962 19.6 10.4 11.7 
1963 8.6 6.9 8.0 
1964 17.4 10.9 11.5 
1965 27.8 53.1 60.8 
1966 31.3 17.5 20.0 
1967 13.7 10.3 11.5 
1968 10.4 8.0 9.4 
1969 21.3 19.0 21.9 
1970 55.8 39.4 45.0 
1971 15.2 15.8 18.3 
1972 9.7 5.4 7.2 
1973 6.2 2.4 3.5 
1974 5.0 10.9 11.5 
1975 12.0 24.2 25.8 
1976 12.0 11.5 12.8 
1977 8.4 26.2 9.7 10.7 
1978 11.5 2.9 19.8 20.8 
1979 22.7 9.1 39.8 40.9 
1980 54.5 49.6 62.4 66.2 
1981 26.7 17.0 34.5 37.1 
1982 34.6 15.0 22.1 24.7 
1983 27.1 53.9 33.4 45.8 48.0 
1984 41.5 13.8 31.1 41.0 42.6 
1985 25.3 44.2 35.0 36.6 38.5 
1986 23.7 19.1 22.5 ? ? .......................................................... 
I Published Standard ADF&G forecasts  f o r  pas t  years. 
2 Hindcasted Japanese Research Catches fo recast  estimates (us ing data 

on ly  f r a n  years p r i o r  t o  the  year f o r  which est imate was made). 
3 Published pooled fo recast  f o r  past  years ca lcu la ted as mean, weighted 

by inverse o f  variance, o f  several methods (1983: Standard ADF&Gy  
Japanese G i l l  Net CPUE, and Escapement-Temperature Model; 1984: Stan- 
dard ADF&G, Japanese G i  1 l Net CPUE, Temperature-Length Model , Escape- 
ment-Temperature Model , and Bay-wi de S i  b l  i ng Returns ; 1985 : Standard 
ADF&G and Japanese Research Catches). 

Included fo re ign  h igh  seas and domestic False Pass-Shumagin Is lands 
catch estimates. 



Table 2. Comparisons o f  fo recasts  o f  one-ocean and two-ocean sockeye salmon 
re tu rns  t o  B r i s t o l  Bay, Alaska, 1977-1985, made using four methods. 

............................................................................. 
Forecast (millions) ......................................................... 
Japanese Research Vessel Data .......................................... 

Japanese Temperature- Geometric Actual 
Standard Research Length Mean CPUE ~ e t u r n ~  

A D F & G ~  catches2 ~odel' ~odel* (millions) ------------- -------------- ------------- -------------- ------------- 
Two- Three- Two- Three- Two- Three- Two- Three- Two- Thr@e- 

Year ocean ocean ocean ocean ocean ocean ocean ocean ocean ocean ............................................................................. 
1977 4.1 4.3 0.3 25.9 0.2 5.1 16.2 6.8 4.9 5.7 
1978 7.8 3.7 2.4 0.5 3.8 7.0 7.6 8.4 12.4 7.8 
1979 17.0 5.7 0.5 8.6 0.5 8.6 12.1 7.3 32.9 7.7 
1980 41.2 13.4 42.3 7.3 12.3 8.8 49.2 39.9 49.2 16.6 
1981 12.9 13.8 9.0 8.0 21.6 9.4 12.9 39.1 17.0 20.0 
1982 22.0 12.6 4.4 10.6 5.0 8.3 22.0 40.8 6.1 18.3 
1983 18.8 8.3 30.6 8.3 17.9 9.1 18.8 12.3 39.1 8.5 
1984 22.7 18.8 4.6 9.2 6.1 9.1 22.7 11.0 29.5 12.9 
1985 12.4 12.9 34.5 9.7 28.5 12.6 12.4 8.7 22.9 15.4 
1986 11.9 11.8 11.8 5.4 14.9 6.2 17.0 5.0 ? ? ............................................................................ 

I Published fo recasts  f o r  pas t  years. 

2 Hindcasted est imates (us ing data o n l y  from years p r i o r  t o  the  year f o r  
which est imate was made). 

3 Included f o r e i g n  h igh  seas and domestic False Pass-Shumagin Is lands catch 
estimates . 



Table 3.  Accuracy of forecasts of sockeye salmon returns t o  Bristol Bay, 
Alaska,' 1977-1985, based upon linear regressions of forecasted 
(independent variable) versus actual (dependent variable) returns. 

Standard Error of ~egression 
(millions of sockeye) ............................ 

Forecast Method Two-ocean Three-ocean ............................................................. 
Standard ADF&G 10.95 3.65 

Japanese Research Vessel Data: 
Japanese Research Catches 11.86 5.45 
Temperature-Length Model 15.65 4.72 
Geometric CPUE Model 11.91 3.12 ............................................................. 



Table 4. Forecasted returns of major age classes of sockeye salmon returning 
t o  Bristol Bay river-lake systems and commercial fishing d i s t r i c t s  
i n  1986 based upon pooled resul ts  of Standard ADF&G and Japanese 
Research Catches methods. Spawning goal s and resulting projected 
harvests a re  indicated. 

Forecasted Return by Age Class 
District: .................................... 
System 42 3 52 3 Total ..................................................... 
Naknek-Kvichak: 
Kvichak 1,226 2,257 241 739 4,463 
Branch 127 18 66 15 226 
Naknek 558 9 60 935 725 3,178 ----- ------ ----- ----- ------ 
Total 1,911 3,235 1,242 1,479 7,867 

Spawning Projected 
Goal Harvest .................... 

Egegik 304 2,867 388 1,857 5,416 1,000 4,416 

Ugashik 454 2,378 1,342 722 4,896 700 4,196 

Wushagak: 
Wood 799 86 774 42 1,701 1,000 701 
Igushik 13 6 88 456 23 703 200 5 0 3 
Nuyakuk 17 6 68 1,157 36 1,437 500 937 ----- --- ----- --- ----- ----- 
Total 1,111 242 2,387 101 3,841 2,141 

Togiak 14 3 61 299 18 52 1 

am--- ------ ----- ----- ------ ------ 
Total 

Bristol ~ a y '  3,923 8,783 5,658 4,177 22,541 13,343 ......................................................................... 
I Sockeye salmon of minor age classes and systems not considered within forecast 

calculations may increase the total  return by 1 to  2 %. 



Table 5. Summary of resu l t s  of Standard ADF&G method, showing estimated 
returns of sockeye salmon t o  Bristol Bay river-lake systems and 
commercial f i shing d i s t r i c t s  in 1986. (See Table 4 f o r  actual 
pre-season forecast  based upon pooled r e su l t s  of Standard ADF&G 
and Japanese Research Catches methods.) 

Numbers of sockeye salmon by age class 
(thousands) 

District: .......................................... 
System 42 53 52 63 Total .................................................................... 
Naknek-Kvichak District: 
Kvichak 1,149 2,114 289 887 4,438 
Branch 119 17 80 18 233 
Naknek 523 899 1,122 870 3,413 ----- ------ ----- ----- ------ 
Total 1,790 3,030 1,490 1,774 8,084 

Egegik District 285 2,685 466 2,228 5,664 

Ugashik District 426 2,228 1,610 866 5,130 

Nushagak District: 
Wood River 748 81 929 51 1,809 
Igushik River 127 82 547 28 784 
Nuyakuk River 165 64 1,389 43 1,661 ----- --- ----- ---- ----- 
Total 1,040 227 2,865 122 4,254 

Togiak District 

----- ----- ----- ----- ------ 
Total Bristol Bay1 3,675 8,227 6,790 5,012 23,704 .................................................................... 

I Sockeye salmon of minor age c lasses  and systems not considered within 
forecast  ca lcula t ions  may increase the to ta l  return by 1 t o  2%. 



excluded from f ina l  calculat ions,  as well as problem areas where inconsis- 
tencies i n  r e su l t s  among components were encountered, a r e  iden t i f i ed  and 
discussed under the appropriate sect ions .  

Kvichak River 

A to ta l  of 4.5 mil l ion sockeye salmon (80% confidence range, 2.9 t o  6.0 mil- 
l i on )  was forecasted t o  re turn  to  t h i s  system based upon the pooled r e su l t s  
of the  Standard ADF&G and Japanese Research Catches methods (Table 4 ) .  The 
Standard ADF&G method prediction f o r  t o t a l  re turns  t o  t h i s  system was 4.4 
mil 1 ion sockeye salmon (Table 5 ) .  Predictions from the  smol t component were 
greater  than r e su l t s  from e i t h e r  the  spawner-recrui t o r  s i  bl ing age c lasses  
components f o r  two-ocean re turns ,  b u t  l e s s  than r e su l t s  from the  other  com- 
ponents f o r  three-ocean re turns  (Table 6 ) .  I f  actual re turns  follow the 
pat tern  indicated by smolt component r e su l t s ,  t o t a l  re turn  t o  the  Kvichak 
system would be a t  the upper end of the  80% confidence range ( i  .e . ,  about 
5.6 mi l l ion) .  

A predict ion based upon s ib l ing  age c lasses  could not be made s ince  no 3, 
sockeye salmon were obtained from samples col lected in  1985. Therefore, 
the 4, age c lass  forecas t  f o r  t h i s  system was based upon r e su l t s  from spawner- 
r e c ru i t  and smolt components which produced estimates of 0.372 mil l ion and 
1.926 mil 1 ion, respectively.  This r e su l t s  in  a Standard ADF&G predicted 
return of 1.149 mill ion 4, sockeye salmon and a f ina l  pooled predicted re turn  
pf 1.226 mill ion (80% confidence range, 0.791 t o  1.663 (mi l l ion) .  

A predict ion based upon s ib l ing  age c lasses  could not be made s ince  no 4, 
sockeye salmon were obtained from samples col lec ted in  1985. Therefore, the  
5, age c lass  fo recas t  f o r  t h i s  system was based upon r e su l t s  from spawner- 
r e c ru i t  and smolt components which produced estimates of 1.337 and 2.890 
mil l ion,  respectively.  This r e su l t s  in a Standard ADF&G predict ion re turn  
of 2.114 mil l ion 5, sockeye salmon and a f ina l  pooled predicted re turn  of 
2.257 mil l ion (80% confidence range, 1.454 t o  3.059 mi l l ion) .  

All three  components indicated t ha t  re turns  of 5, sockeye salmon would be l e s s  
than 0.5 mill ion.  The smolt component produced the  lowest predict ion of 0.150 
mil l ion,  while spawner-recruit and s ib l ing  components produced predict ions of 
0.309 and 0.408 mil l ion,  respectively.  This resul ted  in a Standard ADF&G 
predicted re turn  of 0.289 mi 11 ion 5, sockeye salmon and a f ina l  pooled pre- 
dicted re turn  of 0.241 mill ion (80% confidence range, 0.170 t o  0.311 mi l l ion) .  

The 1980 escapement was the  second l a rge s t  ever recorded (1980, 22.5 mill ion; 
1965, 24.3 mil l i o n ) .  However, about 5.0 mill ion sockeye salmon within the 
escapement probably died p r io r  t o  spawning due t o  a veloci ty  ba r r i e r  on the  



Table 6. Forecasted returns of major age c lasses  of sockeye salmon t o  the 
Kvichak River system, ~ r i s t o l  Bay, i n  1986 based upon spawner- 
r ec ru i t ,  s i  bl i ng returns,  and smol t components of the Standard 
ADF&G method. 

Spawner-Recruit Component 

Parental Predicted Return 
Spawning Based on Linear 

Age Escapement Regressionl 
Class (thousands) (thousands) ------ ------------ ----------------- 

Sibling Returns Component 

Predicted Return 
Sibling Based on Linear 

Age Return in 1985 Regression 
Class (thousands) (thousands) ' ------ ----------------- ----------------- 
52 961 (42) 408 (0.77) 
63 7,981 (5 -3 )  826 (0.59) .................................................. 

Smelt Component 

Predicted Return 
Smolt Based on Linear 

Age Production Regression 
Class (thousands) (thousands)' 

I Coefficient of determi nation (R2) shown i n  parentheses. 
Actual 7 980 escapement was 22.505 mil l ion ,  however, f i v e  
mi 11 ion sockeye salmon were assumed to have died before 
spawning due t o  a velocity bar r ie r  on the  Newhalen River. 



Newhalen River caused by extremely high water conditions (Poe and Mathisen 
1980). When t h i s  loss  was accounted f o r ,  an escapement of 17.5 mill ion was 
estimated t o  produce a return of 1.174 mil l ion 6, sockeye salmon. This e s t i -  
mate was 50% grea te r  than the 0.826 mill ion estimated based upon s ib l ing  age 
c lasses  and 70% greater  than the 0.660 mill ion est imate based upon smolt. 
This resulted i n  a Standard ADF&G predicted return of 0.887 mil l ion 6, sockeye 
salmon and a f i na l  pooled predicted return of 0.739 m i  11 ion (80% confidence 
range, 0.523 t o  0.955 mi l l ion) .  

Branch River 

A t o t a l  of 0.2 mi l l ion sockeye salmon (80% confidence range, 0.2 t o  0.3 mi l l ion)  
was forecasted t o  re turn  t o  t h i s  system based upon the pooled r e su l t s  of the 
Standard ADF&G and Japanese Research Catches methods (Table 4 ) .  The Standard 
ADF&G method predict ion fo r  to ta l  re turns  t o  t h i s  system was 0.2 mil 1 ion sock- 
eye salmon (Table 5 ) .  Only spawner-recrui t and s ib l ing  age c lasses  information 
were avai lable  f o r  this system (Table 7 ) .  A discussion of r e s u l t s  f o r  each 
major age c lass  follows. 

Spawner-recruit and s ib l ing  age c lasses  components produced re turn  est imates 
of 0.153 and 0.084 mill ion,  respectively.  This resulted i n  a Standard ABF&G 
predicted re turn  of 0.119 mill ion 4, sockeye salmon and a f i na l  pooled pre- 
dicted re turn  of 0.127 mil l ion (80% confidence range, 0.082 t o  0.172 mi l l ion) .  

No 4, sockeye salmon were obtained from samples collected i n  1984. Therefore, 
the 5, age c lass  forecas t  f o r  t h i s  system was based only upon r e s u l t s  from the  
spawner-recruit component. This resul ted  in  a Standard ADF&G predicted re turn  
of 0.017 mill ion and a f ina l  pooled predicted re turn  of 0.018 mill ion (80% con- 
fidence range, 0.012 t o  0.025 mil l ion) .  

Spawner-recruit and s i b l i ng  age c lasses  components produced re turn  est imates 
of 0.043 and 0.077 mill  ion, respectively.  This resul ted  i n  a Standard ADF&G 
predicted re turn  of 0.080 mill ion 5, sockeye salmon and a f ina l  pooled pre- 
dicted re turn  of 0.066 mill ion (80% confidence range, 0.047 t o  0.086 mi l l ion) .  

Spawner-recruit and s i b l i ng  age c lasses  components produced re turn  est imates 
of 0.024 and 0.01 1 mill ion sockeye salmon, respectively.  This resul ted  i n  a 
Standard ADF&G predicted re turn  of 0.018 mil l ion 6, sockeye salmon and a f i na l  
pooled predicted re turn  of 0.015 mllion (80% confidence range, 0.010 t o  0.019 
mi l l ion) .  

Naknek River 

A t o t a l  of 3.2 mil l ion sockeye salmon (80% confidence range, 2.2 t o  4.2 mi l l ion)  
was forecasted t o  return t o  this system based upon the  pooled r e su l t s  of the 



Table 7. Forecasted r e t u r n s  o f  major  age classes of sockeye salmon t o  t he  
Branch R iver  system, B r i s t o l  Bay, i n  1986 based upon spawner- 
r e c r u i t  and s i b l i n g  r e t u r n  components of t he  Standard ADF&G method. 

Spawner-Recruit Component 

Parental Predicted Return 
Spawning Based on Linear 

Age Escapement Regression 
Class (thousands) (thousands)' ------ ------------ ----------------- 

Sibling Returns Component 

Predicted Return 
Sibling Based on Linear 

Age Return in 1985 Regression 
Class (thousands) (thousands)' 

I C o e f f i c i e n t  of de termina t ion  (R2) shown i n  parentheses. 



Standard ADF&G and Japanese Research Catches methods (Table 4 ) .  The Standard 
ADF&G method p r e d i c t i o n  f o r  t o t a l  re tu rns  t o  t h i s  system was 3.4 m i l l i o n  sock- 
eye salmon (Table 5 ) .  Only spawner-recrui t  and s i b l i n g  age classes i n fo rma t ion  
were used t o  c a l c u l a t e  the  Standard ADFdG p r e d i c t i o n  f c r  t h i s  system, a l though 
smolt  in fo rmat ion  was examined t o  determine whether s i n i i l a r  t rends i n  re tu rns  
were i nd i ca ted  (Table 8 ) .  Pred ic t ions  from the smolt  component were s i m i l a r  t o  
o r  g rea ter  than r e s u l t s  from both the  spawner-recru i t  and s ib1  i n g  age classes 
components fo r  a l l  major age classes. If actua l  re tu rns  fo l l ow  the p a t t e r n  
i nd i ca ted  by smolt  component r e s u l t s ,  t o t a l  re tu rns  t o  the  Naknek system could 
be w e l l  above the  upper end o f  the 80% conf idence range; poss ib l y  as g rea t  as 
7.0 m i l l i o n  (g rea tes t  t o t a l  r e t u r n  p rev ious l y  recorded was 7.9 m i l l i o n  i n  1981). 
A d iscussion of r e s u l t s  f o r  each major age c lass  fo l lows.  

Spawner-recruit and s i b l i n g  age classes components produced r e t u r n  est imates 
o f  0.403 and 0.642 m i l l i o n  sockeye salmon, respec t i ve l y .  Smolt data i nd i ca ted  
poss ib le  re tu rns  of 1.041 m i l l i o n ,  about tw ice  as great  as the  o the r  est imates. 
The mean o f  spawner-recrui t and s ib1  i n g  est imates resu l ted  i n  a  Standard ADF&G 
pred ic ted  r e t u r n  o f  0.523 m i l l i o n  4, sockeye salmon and a  f i n a l  pooled pred ic ted  
r e t u r n  of  0.558 m i l l  i o n  (80% confidence range, 0.360 t o  0.756 m i l  1  i o n ) .  

Spawner-recruit and s i b l i n g  age classes components produced s i m i l a r  est imates 
o f  0.868 and 0.930 m i l l i o n ,  respec t i ve l y .  Smolt data i nd i ca ted  poss ib le  re tu rns  
o f  2.871 m i l l i o n ,  about th ree  times as great  as the  o ther  est imates. The mean 
o f  spawner-recru i t  and s i b l i n g  est imates r e s u l t e d  i n  a  Standard ADF&G p red i c ted  
r e t u r n  o f  0.899 m i l l i o n  and a  f i n a l  pooled p red i c ted  r e t u r n  o f  0.960 m i l l i o n  
(80% conf idence range, 0.619 t o  1.301 m i l l i o n ) .  

Spawner-recrui t and s i  b l  i ng age c l  asses components produced s imi  1  a r  r e t u r n  
est imates o f  1.132 and 1.111 m i l l i o n ,  respec t i ve l y .  Smolt data i nd i ca ted  a  
much greater  r e t u r n  o f  2.120 m i l l i o n .  The mean o f  spawner-recrui t  and s i b l i n g  
est imates r e s u l t e d  i n  a  Standard ADF&G p red i c ted  r e t u r n  o f  1.122 m i l  1  i o n  5, 
sockeye salmon and a  f i n a l  pooled p red i c ted  r e t u r n  o f  0.935 m i l l  i o n  (80% con- 
f i  dence range, 0.661 t o  1.208 m i l  1  i o n ) .  

The 1980 spawning escapement of 2.6 m i l l i o n  sockeye salmon was t h e  l a r g e s t  
ever recorded (past  range, 1956-78, 0.3 t o  2.2 m i l  1 i o n ) .  Actual re tu rns  have 
been much less  than those based upon a  Ricker- type spawner-recrui t  r e l a t i o n -  
ship. Therefore, est imated re tu rns  fo r  the  spawner-recru i t  component f o r  t h i s  
age c lass  were est imated w i t h  the mean p ropo r t i on  method. This  produced an 
est imate of 1.099 m i l l i o n  which was s t i l l  much greater  than the  0.641 m i l l i o n  
est imate obtained from the  s i b l i n g  age classes component. However, smolt  data 
a l so  suggested t h a t  re tu rns  o f  1.010 m i l l i o n  might  be expected. The mean o f  
spawner-recrui t  and s i b l i n g  est imates r e s u l t e d  i n  a  Standard ADF&G pred ic ted  
r e t u r n  o f  0.870 m i l l  i o n  and a  f i n a l  pooled p red i c ted  r e t u r n  of 0.725 m i l l  i o n  
(80% conf idence range, 0.513 t o  0.937 m i l l i o n ) .  



Table 8. Forecasted returns of major age classes of sockeye salmon to the 
Naknek River system, Bri s to1 Bay, i n  1986 based upon spawner-recrui t , 
s i  bl ing returns, and smol t components of the Standard ADF&G method. 

Spawner-Recruit Component 

Parental Predicted Return 
Spawning Based on Linear 

Age Escapement Regression 
Class (thousands) (thousands) l ------ ------------ --------em------- 

42 1,155 403 (0.06) 
53 1,796 868 (0.02) 
52 1,796 1,132 (0.02) 
63 2t6442 1,099 .......................................................... 

Sibling Returns Component 

Predicted Return 
Sibling Based on Linear 

Age Return in 1985 Regression 
Class (thousands) (thousands) ' ------ ----------------- ----------------- 

42 3 (32) 642 (0.33) 
53 10 w 3 )  930 (0.39) 
52 950 ( 4 2 ~  ltlll (0.40) 

63 1,177 (53) 641 (0.19) .......................................................... 
Smelt Component 

Smolt Predicted 
Aide Production Estimated Proportion Return 
Class (thousands) Survival4 Maturing (thousands) 
- - m e -  ----------- ---em---- ---------- ----------- 
42 32,140 0.09 0.36 1,041 
53 48,825 0.12 0.49 2,871 
s2 36,798 0.09 0.64 2,120 
63 16,497 0.12 0.51 1,010 .......................................................... 

I Coefficient of determi nation ( R 2 )  shown in parentheses. 
2 Spawning escapement in 1980 largest  ever recorded. 
3 Actual return to date has been much less  than that  based upon Ricker 

relationship. Return calculated w i t h  mean proportion method (see 
Methods section).  
Insuffi cient data avai l able to  estimate average survival s for  
Naknek River smol t. Estimates used were mean survivals for  Kvichak 
River smol t. 



Egegi k  River  

A t o t a l  o f  5.4 m i l l  i o n  sockeye salmon (80% conf idence range, 3.6 t o  7.2 
m i l  l i o n )  was forecasted t o  r e t u r n  t o  t h i s  system based upon the  pooled r e s u l t s  
o f  the Standard ADFAG and Japanese Research Catches methods (Table 4 ) .  The 
Standard ADF&G method p r e d i c t i o n  f o r  t o t a l  re tu rns  t o  t h i s  system was 5.7 
m i  11 i o n  sockeye salmon (Table 5). Only spawner-recrui t and s i b l i n g  age classes 
in fo rmat ion  were used t o  c a l c u l a t e  the  Standard ADF&G p r e d i c t i o n  fo r  t h i s  sys- 
tem, al though smolt  in fo rmat ion  was examined t o  determine whether s i m i l a r  
trends i n  re tu rns  were i nd i ca ted  (Table 9).  P red i c t i ons  from the  smolt  com- 
ponent were l ess  than r e s u l t s  from both the  spawner-recrui t and s i b l  i n g  age 
classes components f o r  a l l  major age classes except t he  4,. I f  ac tua l  re tu rns  
f o l l o w  the  p a t t e r n  i nd i ca ted  by smol t  component r e s u l t s ,  t o t a l  r e t u r n s  t o  the  
Egegik system could be a t  the  lower end o f  the  80% conf idence range (poss ib l y  
as low as 3.8 m i l l i o n ) .  A d iscussion o f  r e s u l t s  f o r  each major age c lass  
f o l  lows. 

The spawner-recrui t  est imate of 0.165 m i l l i o n  was on l y  about ha l f  t h a t  o f  t he  
s i b l i n g  age classes est imate of 0.405 m i l l i o n  sockeye salmon. Smolt data 
i nd i ca ted  t h a t  re tu rns  could be 0.574 m i l l i o n ,  even h igher  than those pre- 
d i c t e d  by the  s i b l  i n g  age classes component. The mean of the  spawner-recrui t 
and s i b l i n g  est imates r e s u l t e d  i n  a  Standard ADF&G p red i c ted  r e t u r n  o f  0.285 
m i l l  i o n  and a  f i n a l  pooled p red i c ted  r e t u r n  o f  0.304 m i l l  i o n  (80% conf idence 
range, 0.196 t o  0.412 m i l l i o n ) .  

Spawner-recrui t and s i b l i n g  age classes produced w ide l y  d i ve rgen t  est imates 
f o r  t h i s  age c lass  also, 1.068 and 4.302 m i l l i o n  sockeye salmon, respec t i ve l y .  
Smolt data i nd i ca ted  poss ib le  re tu rns  o f  2.360 m i l l i o n ,  in te rmed ia te  t o  the two 
o the r  component est imates. The mean of t he  spawner-recru i t  and s i b l i n g  e s t i -  
mates r e s u l t e d  i n  a  Standard ADF&G p red i c ted  r e t u r n  of 2.685 m i l l i o n  and a  
f i n a l  pooled p red i c ted  r e t u r n  of 2.867 m i l l i o n  (80% conf idence range, 1.848 
t o  3.886 m i l l i o n ) .  

The s i b l i n g  age classes component again produced a  much h igher  est imate than 
the spawner-recrui t  components, 0.745 and 0.187 m i l l i o n ,  respec t i ve l y .  Smolt 
data i nd i ca ted  poss ib le  re tu rns  o f  o n l y  0.127 m i l l i o n ,  l e s s  than even the  
spawner-recrui t component. The mean o f  spawner-recrui t and s i b l i n g  est imates 
resu l ted  i n  a  Standard ADF&G p red i c ted  r e t u r n  o f  0.466 m i l l i o n  5, sockeye 
salmon and a  f i n a l  pooled p red i c ted  r e t u r n  o f  0.388 m i l l i o n  (80% conf idence 
range, 0.275 t o  0.502 m i l l i o n ) .  

Actual r e t u r n s  have a l ready exceeded re tu rns  pro jec ted  from a  Ricker- type 
spawner-recrui t r e l a t i o n s h i p .  Therefore, t o  p r e d i c t  6, re tu rns  i n  1986, 
est imated re tu rns  f o r  the  spawner-recru i t  component were est imated based 



Table 9. Forecasted re tu rns  of major age classes o f  sockeye salmon t o  the  
Egegik R iver  system, B r i s t o l  Bay, i n  1986 based upon spawner-recrui t ,  
s i b l i n g  returns,  and smol t components o f  the Standard ADF&G method. 

Spawner-Recruit Component 

Parental Predicted Return 
Spawning Based on Linear 

Age Escapement Regression 
Class (thousands) (thousands)' ------ ------------ ----------------- 
42 1,034 165 (0.07) 
53 694 1,068 (0.01) 
52 694 187 (0.06) 
63 1,060 3,124 

2 .......................................................... 
Sibling Returns Component 

Predicted Return 
Sibling Based on Linear 

Age Return in 1985 Regression 
Class (thousands) (thousands) ' 

Smelt Component 

Smolt Predicted 
Age Production Estimated Proportion Return 
Class (thousands) survival3 Maturing (thousands) ----- ----------- --------- ---------- ----------- 

42 17,234 0.09 0.37 574 
53 32,236 0.12 0.61 2,360 
s2 2,242 0.09 0.63 127 
63 16,525 0.12 0.39 773 ........................................................... 

I Coef f i c ien t  of determinat ion (R2) shown i n  parentheses. 

Actual r e t u r n  t o  date has been much greater  than t h a t  based upon 
Ricker  r e l a t i o n s h i p .  Return ca l cu la ted  w i t h  mean p ropo r t i on  
method (see Methods sec t ion) .  

3 I n s u f f i c i e n t  data a v a i l a b l e  t o  est imate average su rv i va l  s  f o r  Egegi k  
R iver  smolt. Estimates used were mean s u r v i v a l s  f o r  Kvichak R iver  
smol t. 



upon the mean proportion model. This produced an estimate of 3.124 million 
which was much greater than the 1.332 mill ion estimate obtained from the sib- 
ling age classes component. Smolt data indicated possible returns of only 
0.773 million, less  than ei ther  of the other estimates. The mean of the 
spawner-recruit and sibling estimates produced a Standard ADF&G predicted 
return of 2.228 mil 1 ion 6, sockeye salmon and a final pooled predicted return 
of 1.857 million (80% confidence range, 1.313 to 2.400 mill ion).  

Ugashi k River 

A total  of 4.9 million sockeye salmon (80% confidence range, 3.3 to  6.5 mil- 
l ion) was forecasted t o  return t o  t h i s  system based upon the pooled resul ts  
of the Standard ADF&G and Japanese Research Catches method (Table 4).  The 
Standard ADF&G method prediction for  total  returns to th i s  system was 5.1 
mi 11 ion sockeye salmon (Table 5) .  Only spawner-recrui t and s i  bl i ng age 
classes data were used to  calculate the Standard ADF&G prediction fo r  th i s  
system, although smolt information was examined to determine whether similar 
trends in returns were indicated (Table 10).  Predictions from the smol t 
component were much greater than resul ts  from e i ther  the spawner-recruit o r  
sibling age classes components for  two-ocean returns, b u t  less  than or simi- 
l a r  t o  resul ts  from the other components for  three-ocean returns (Table 10). 
If  actual returns follow the pattern indicated by smolt component resu l t s ,  
total  returns t o  the Ugashik system could be well above the upper end of the 
80% confidence range; possibly as great as 12.3 million. However, since the 
greatest  total  return previously recorded was 7.9 million in 1985, a return 
of over 12.0 mill ion i s  considered very unlikely. A discussion of resu l t s  
for each major age class follows. 

Spawner-recrui t and s i  b1 i ng age classes components produced simi 1 a r  4, return 
estimates of about 0.408 and 0.443 million sockeye salmon, respectively. 
Smolt data indicated possible returns of 3.397 million, much greater than 
the other estimates. The mean of the spawner-recruit and s ibl ing estimates 
resulted in a Standard ADF&G predicted return of 0.426 million 4, sockeye 
salmon and a final pooled predicted return of 0.454 mi 11 ion (80% confidence 
range, 0.293 to  0.616 mill ion).  

The 1981 spawning escapement of 1.3 million sockeye salmon was the fourth 
largest  ever recorded. Actual returns have already exceeded returns pro- 
jected from a Ricker-type spawner-recruit relationship. Therefore, t o  pre- 
d ic t  5,, as well as 5,, returns in 1986, estimated returns fo r  the spawner- 
recrui t  component were estimated based upon  the mean proportion method. 
This produced an estimate of 3.907 million which was about seven times 
greater than the s ibl ing age classes component estimate of 0.548 million. 
Smol t data indicated possible returns of 7.340 mil 1 ion, almost two times 
greater than even the spawner-recruit estimate. The mean the spawner-recruit 
and s i  b l  ing estimates resulted in a Standard ADF&G predicted return of 2.228 
mi 11 ion 5, sockeye salmon and a final pooled predicted return of 2.378 mi 1 - 
1 ion (80% confidence range, 1.533 to  3.224 mill ion).  



Table 10. Forecasted returns of major age classes of sockeye salmon t o  the 
Ugashi k River system, Bristol Bay, in 1986 based upon spawner- 
recruit,  si bl  ing returns, and smol t components of the Standard 
ADF&G method. 

Spawner-Recruit 

Parental Predicted Return 
Spawning Based on Linear 

Age Escapement Regression 
Class (thousands) (thousands) l ------ ------------ -------------we-- 

42 1,157 408 (0.01) 
53 1,326 3,907 
52 1,326 

2 1,742 , 
63 3,3213 1,079 .......................................................... 

Sibling Returns Component 

Predicted Return 
Sibling Based on Linear 

Age Return in 1985 Regression 
Class (thousands) (thousands) ' 
-----a ----------------- ----------------- 

42 1 (32) 443 (0.60) 
53 4 (43) 548 (0.69) 
52 1,882 (42) 1,478 (0.87) 
6 3  3,267 (53) 653 (0.63) 

Smolt Component 

Smolt Predicted 
Age Production Estimated Proportion Return 
Class (thousands) Survival4 Maturing (thousands) 

I Coefficient of determination (R2) shown i n  parentheses. 
2 Actual return to date has been much greater than that based upon 

Ricker relationship. Return calculated with mean proportion 
method (see Methods section). 

3 Spawning escapement in 1980 largest ever recorded. 
Insufficient data avai 1 able t o  estimate average survivals for Ugashi k 
River smol t. Estimates used were mean survivals for Kvichak River 
smol t. 



Since ac tua l  re tu rns  have a l ready  exceeded re tu rns  p ro jec ted  from a  Ricker- 
type spawner-recru i t  r e l a t i o n s h i p ,  the mean p ropo r t i on  method was used. 
The spawner-recrui t  component produced an est imate o f  1.742 m i l l i o n ,  which 
was about 20% greater  than the  s i b l i n g  age classes component est imate o f  
1.478 m i l l i o n .  Smolt data i nd i ca ted  re tu rns  of 0.573 m i l l i o n ,  much l ess  
than e i t h e r  o f  t he  o the r  estimates. The mean of t he  spawner-recrui t  and 
s i b l i n g  est imates resu l ted  i n  a  Standard ADF&G pred ic ted  r e t u r n  of 1.610 
m i l l i o n  5, sockeye salmon and a  f i n a l  pooled p red i c ted  r e t u r n  o f  1.342 
m i l l i o n  (80% conf idence range, 0.949 t o  1.734 m i l l i o n ) .  

The 1980 spawning escapement of  3.3 m i l l i o n  sockeye salmon was the  l a r g e s t  
ever recorded. Only four previous spawnin escapements have exceeded 1.0 
m i l l i o n  sockeye salmon: 1982 (1.2 m i l l i o n q ,  1981 (1.3 m i l l i o n ) ,  1979 (1.7 
m i l  1  i o n )  and 1960 (2.3 m i l  1  i on ) .  Actual re tu rns  have a1 ready exceeded 
re tu rns  p ro jec ted  from a  Ricker- type spawner-recru i t  r e l a t i o n s h i p .  There- 
fore, t he  mean p ropo r t i on  method was used t o  p r e d i c t  6, re tu rns  i n  1986. 
This produced an est imate o f  1.079 m i l l i o n ,  which was almost two times 
greater  than the  s i b l i n g  age c lass  component est imate o f  0.653 m i l l i o n .  
Smolt data i nd i ca ted  poss ib le  re tu rns  o f  0.976 m i l l i o n ,  s i m i l a r  t o  t he  
spawner-recrui t  est imate. The mean o f  t he  spawner-recrui t  and s i b l i n g  e s t i -  
mates produced a  Standard ADF&G p red i c ted  r e t u r n  o f  0.866 m i l l i o n  6, sockeye 
salmon and a  f i n a l  pooled pred ic ted  r e t u r n  o f  0.722 m i l  1  i o n  (80% conf idence 
range, 0.510 t o  0.933 m i l l i o n ) .  

Wood River  

A t o t a l  o f  1.7 m i l l  i o n  sockeye salmon (80% confidence range, 1.1 t o  2.3 
m i l  l i o n )  was forecasted t o  r e t u r n  t o  t h i s  system based upon the  pooled r e s u l t s  
of t h e  Standard ADF&G and Japanese Research Catches methods (Table 4) .  The 
Standard ADF&G method p r e d i c t i o n  f o r  t o t a l  re tu rns  t o  t h i s  system was 1.8 
m i l  l i o n  sockeye salmon (Table 5) .  Resul ts  of a1 1  th ree  Standard ADF&G com- 
ponents were used whenever poss ib le  (Table 11).  A d iscussion o f  r e s u l t s  f o r  
each major age c lass  fol lows. 

Spawner-recrui t, s i  b l  i ng age classes, and smol t components produced est imates 
o f  0.794, 1.006, and 0.444 m i l l i o n  sockeye salmon, respec t i ve l y .  This  
r e s u l t e d  i n  a  Standard ADF&G p red i c ted  r e t u r n  o f  0.748 m i l l i o n  4, sockeye 
salmon and a  f i n a l  pooled p red i c ted  r e t u r n  o f  0.799 m i l l  i o n  (80% conf idence 
range, 0.515 t o  1.083 m i l l i o n ) .  

A  p r e d i c t i o n  based upon s i b l i n g  age classes cou ld  n o t  be made s ince  no 4, 
sockeye salmon were obta ined f rom samples c o l l e c t e d  i n  1985. Therefore, t h e  
5, age c lass  fo recas t  f o r  t h i s  system was based upon r e s u l t s  from the spawner- 
r e c r u i t  and smolt  components, which produced est imates o f  0.131 and 0.031 



Table 11. Forecasted re tu rns  of major age classes o f  sockeye salmon t o  the  
Wood River  system, B r i s t o l  Bay, i n  1986 based upon spawner-recrui t, 
s i b l i n g  re turns ,  and smolt  components o f  the  Standard ADF&G method. 

Spawner-Recruit Component 

Parental 
Spawning 

Age Escapement 
Class (thousands) ------ ----me------ 

42 976 
51 1,233 

Predicted Return 
Based on Linear 
Regression 
(thousands) ' ----------------- 
794 (0.01) 
131 (0.16) 

Sibling Returns Component 

Predicted Return 
Sibling Based on Linear 

Age Return in 1985 Regression 
Class (thousands) (thousands)l ------ ----------------- ----------------- 

42 3 (32) 1,006 (0.38) 
5 2  770 (42) 704 (0.14) 
63 82 (53) 47 (0.37) .................................................. 

Smolt Component 

Predicted Return 
Smolt Based on Linear 

Age Production Regression 
Class (thousands) (thousands)' ------ ----------- .................... 

42 22,330 444 (0.56) 
53 1,380 31 (0.39) 
5 2  19,590 1,029 (0.32) 
63 4,130 43 (0.21) .................................................. 

I C o e f f i c i e n t  o f  determi na t i on  (R*) shown i n  parentheses 

Spawning escapement i n  1980 l a r g e s t  ever recorded. 

3 Actual r e t u r n  t o  date has been much less  than t h a t  based 
upon Ricker  r e l a t i o n s h i p .  Return ca lcu la ted  w i t h  mean 
p ropo r t i on  method (see Methods sec t ion) .  



mill ion sockeye salmon, respectively.  This resulted in a Standard ADF&G 
predicted return of 0.081 mill ion 5, sockeye salmon and a f i na l  pooled pre- 
dicted return of 0.086 mill ion (80% confidence range, 0.056 t o  0.117 mi l l ion) .  

Spawner-recruit, s ib l ing  age c lasses ,  and smolt components produced return 
estimates of 1.054, 0.704, and 1.029 mill ion sockeye salmon, respectively.  
This resul ted in a Standard ADF&G predicted return of 0.929 mi 11 ion 5, sock- 
eye salmon and a f i na l  pooled predicted return of 0.774 mill ion (80% confi- 
dence range, 0.570 t o  1.001 mi l l ion) .  A re turn  of t h i s  s i z e  would be well 
be1 ow the range of 1.1 t o  2.4 mi 11 ion observed f o r  t h i s  age c lass  during the  
past  e igh t  years (1977-1985). 

The 1980 escapement of 3.0 mil l ion sockeye salmon was the l a rge s t  ever 
recorded. Only two other escapements have ever exceeded 2.0 mill ion:  1959 
(2.2 mil l ion)  and 1978 (2.3 mi l l ion) .  Since actual  re turns  have been much 
l e s s  than those projected from a Ricker-type spawner-recrui t re la t ionship ,  
the mean proportion method was used. This produced a spawner-recruit re turn  
est imate of 0.062 m i  11 ion sockeye salmon, which was greater  than both the  
s ib l ing  age c lasses  est imate of 0.047 mill ion and the smol t est imate of 0.043 
mill ion.  This mean of these components resul ted  i n  a Standard ADF&G predicted 
re turn  of 0.051 mill ion 6, sockeye salmon and a f ina l  pooled predicted re turn  
of 0.042 mill ion (80% confidence range, 0.030 t o  0.055 mi l l ion) .  

Igushik River 

A t o t a l  of 0.7 mil l ion sockeye salmon (80% confidence range, 0.5 t o  0.9 mil- 
l i o n )  was forecasted t o  re turn  t o  t h i s  system based upon t he  pooled r e su l t s  
of the  Standard ADF&G and Japanese Research Catches methods (Table 4 ) .  The 
Standard ADF&G method prediction f o r  t o t a l  re turns  t o  t h i s  system was 0.8 mil- 
l ion sockeye salmon (Table 5 ) .  Only spawner-recruit and s i b l i ng  age c lasses  
information were avai lable  f o r  t h i s  system (Table 12).  A discussion of 
r e su l t s  f o r  each major age c lass  follows. 

A predict ion based upon s ib l ing  age c lasses  could not be made s ince  no 3, 
sockeye salmon were obtained from samples collected in  1985. Therefore, the 
4, age c l a s s  forecas t  f o r  t h i s  system was only based upon resul ts  from spawner- 
r e c r u i t  component which produced a Standard ADF&G predicted return of 0.127 
mill ion sockeye salmon and a f i na l  pooled predicted re turn  of 0.136 mill ion 
(80% confidence range, 0.087 t o  0.184 m i  11 ion).  

A predict ion based upon s ib l ing  age c lasses  could not be made s ince  no 4, 
sockeye salmon were obtained from samples collected in  1985. Therefore, the 
5, age c lass  forecas t  f o r  t h i s  system was only based upon r e su l t s  from 
spawner-recruit component which produced a Standard ADF&G predicted return 



Table 12.  Forecasted returns of major age classes of sockeye salmon t o  the 
Igushi k River system, Bristol Bay, in 1986 based upon spawner- 
recrui t  and sibling returns components of the Standard ADF&G 
method. 

Spawner-Recruit Component 

Parental 
Spawning 

Age Escapement 
Class (thousands) ------ ------------ 

42 423 
53 591 
52 591 
63 1,9872 ....................... 

Sibling Returns 

Predicted Return 
Based on Linear 
Regressionl 
(thousands) 

---em------------ 

127 (0.04) 
82 (0.09) 

769 (0.002) 
31 3 

............................ 
Component 

Predicted Return 
Sibling Based on Linear 

Age Return in 1985 Regressionl 
Class (thousands) (thousands) ------ ----------------- --------------me- 

52 153 (42) 325 (0.20) 
63 21 (53) 25 (0.38) ................................................... 

I Coefficient of determination ( R 2 )  shown i n  parentheses. 
I * Spawning escapement in 1980 largest  ever recorded. 

Actual return to  date has been much less  than tha t  based 
upon Ricker relationship. Return calculated with mean 
proportion method (see Methods section). 



of 0.082 mill ion sockeye salmon and a f i na l  pooled predicted re turn  of 0.088 
mill ion (80% confidence range, 0.056 t o  0.119 mi l l ion) .  

Spawner-recruit and s ib l ing  age c lasses  components produced return est imates 
of 0.769 and 0.325 mill ion sockeye salmon, respectively.  This resulted in 
a Standard ADF&G predicted re turn  of 0.547 mill ion 5, sockeye salmon and a 
f ina l  pooled predicted re turn  of 0.456 mil 1 ion (80% confidence range, 0.322 
t o  0.589 mill ion) .  

The 1980 spawning escapement of 2.0 mil l ion sockeye salmon was the  l a rge s t  
ever recorded f o r  t h i s  system. Except f o r  the 1979 escapement of 0.9 mi l l ion,  
no other  escapements of about 1.0 mil l ion o r  g rea te r  have been recorded. 
Since actual re turns  from the 1980 escapement have been much l e s s  than re turns  
projected from a Ricker-type spawner-recruit re la t ionship ,  the mean proportion 
method was used t o  predict  6, re turns  i n  1986. This produced a spawner-recruit 
return est imate of 0.031 mil l ion,  which was s imi lar  t o  the s ib l ing  age c lasses  
est imate of 0.025. T h i s  resul ted  i n  a Standard ADF&G predicted re turn  of 0.028 
mill ion 6, sockeye salmon and a f i na l  pooled predicted re turn  of 0.023 mill ion 
(80% confidence range, 0.017 t o  0.030 mi l l ion) .  

Nuyakuk River 

A t o t a l  of 1.4 mil: ion sockeye salmon (80% confidence range, 1.0 t o  1.9 mill ion) 
was forecasted t o  return t o  this system based upon the pooled r e s u l t s  of the 
Standard ADF&G and Japanese Research Catches methods (Table 4 ) .  The Standard 
ADF&G method prediction f o r  to ta l  re turns  t o  t h i s  system was 1.7 mil 1 ion sock- 
eye salmon (Table 5 ) .  Only spawner-recrui t and sib1 ing age c lasses  information 
were used t o  ca lcu la te  the Standard ADF&G prediction f o r  this system, although 
smolt information was examined t o  determine whether s imi lar  trends i n  re turns  
were indicated (Table 13).  Smolt component r e s u l t s  were generally i n  good 
agreement w i t h  r e su l t s  from the other  components and indicated t o t a l  re turns  
would be 1.6 mill ion.  A discussion of r e su l t s  f o r  each major age c l a s s  folows. 

Spawner-recrui t and s ib l ing  age c lasses  produced return estimates of 0.199 
and 0.130 m i  11 ion sockeye salmon, respectively.  Smol t data suggested t h a t  
re turns  would be 0.075 mil l ion,  lower than both other est imates.  The mean 
of spawner-recruit and s ib l ing  age c lasses  estimates resulted i n  a Standard 
ADF&G predicted re turn  of 0.165 mil l ion 4, sockeye salmon and a f i na l  pooled 
predicted re turn  of 0.176 mil 1 ion (80% confidence range, 0.113 t o  0.238 mil- 
l ion) .  

The 1981 spawning escapement of 0.8 mi l l ion sockeye salmon was the  second 
highest ever recorded, only exceeded by the  1980 escapement of 3.0 mil 1 ion, 
and produced a re turn  est imate of about 0.064 mill ion sockeye salmon. A 



Table 13. Forecasted returns of major age classes of sockeye salmon to  the 
Nuyakuk River system, Bristol Bay, in 1986 based upon spawner- 
recrui t ,  sibling returns, and smolt components of the Standard 
ADF&G method. 

Spawner-Recruit Component 

Parental Predicted Return 
Spawning Based on Linear 

Age Escapement Regression 
Class (thousands) (thousands) ------ ------------ ----------------- 
4?d 537 199 (0.05) 
53 834 64 (0.02) 
52 834 1,858 (0.003) 
63 3,026~ 28 .......................................................... 

~iblinq Returns Component 

Predicted Return 
Sibling Based on Linear 

Age Return in 1985 Regression 
Class (thousands) (thousands)' 

42 1 (32) 130 (0.47) 
52 309 142) 920 (0.40) 
=3 78 (53) 58 (0.46) .......................................................... 

Smelt Component 

Smolt 
Age Production 
Class (thousands) ----- ----------- 
42 6,294 
5 3  90 
52 28,875 
63 1,259 ------------------ 

Predicted 
Estimate: proportion Return 
Survival Maturing (thousands) 
-------em ---------- ---em------ 

0.06 0.20 75 
0.16 0.51 7 
0.06 0.80 1,386 
8.16 6.49 99 

Coefficient of determination (R2) shown in parentheses. 
Spawning escapement in 1980 largest  ever recorded. 

3 Actual return to date has been much less  than that based upon 
Ricker re1 a t i  onshi p. Return calculated with mean proportion 
method (see Methods section).  
Insufficient data available to  estimate average survivals for  
Nuyakuk River smol t. Estimates used were mean survivals for  
Wood River smol t. 



prediction based upon s ib l ing  age c lasses  could not be made since no 4, sock- 
eye salmon were obtained fronl samples col lec ted in  1985. Smolt data indicated 
returns of only 0.007 mil l ion,  much l e s s  than those predicted by the spawner- 
r e c ru i t  component. Due t o  the minor contribution t h i s  age c lass  wil l  make 
t o  the t o t a l  return to  t h i s  system, only the spawner-recruit est imate was 
fo r  the f ina l  forecas t .  This resulted in  a Standard ADF&G predicted re turn  
of 0.064 mil l ion  5, sockeye salmon and a f ina l  pooled predicted return of 
0.068 mill ion (80% confidence range, 0.044 t o  0.093 mil l ion) .  

As was previously noted, the 1981 spawning escapement of 0.8 mil l ion sockeye 
salmon was the  second highest ever recorded. The spawner-recruit component 
produced a return est imate of 1.858 mil l ion,  which was about two times 
greater  than the  s i b l i ng  age c lasses  est imate of 0.920 mil l ion.  Smolt data 
indicated re turns  of 1.386 mil l ion,  only s l i g h t l y  l e s s  than the s ib l ing  age 
c lasses  est imate.  The mean of the  spawner-recruit and s ib l ing  age c lasses  
components resulted in a Standard ADF&G predicted re turn  of 1.389 mill ion 5, 
sockeye salmon and a f i na l  pooled predicted re turn  of 1.157 mi 11 ion (80% con- 
fidence range, 0.819 t o  1.496 mil l ion) .  

The 1980 spawning escapement of 3.0 mi l l ion was the l a rges t  ever recorded. 
Since actual returns t o  da te  have been much l e s s  than those based upon a 
Ricker-type spawner-recrui t re la t ionship ,  the mean proportion method was used 
to  predic t  6-3 re turns  i n  1986. T h i s  produced a spawner-recrui t re turn  e s t i -  
mate of 0.028 mil l ion,  which was about half  t h a t  of the s i b l i ng  age c lasses  
est imate of 0.058 mill ion.  Smolt data indicated re turns  of 0.099 mil l ion,  
greater  than both spawner-recruit and s i b l i ng  age c lasses  est imates.  The 
mean of the spawner-recruit and s i b l i ng  age c lasses  est imates resul ted  in a 
Standard ADF&G predicted re turn  of 0.043 mill ion 6, sockeye salmon and a 
f i na l  pooled predicted return of 0.036 mill ion (80% confidence range, 0.025 
t o  0.046 mi l l ion) .  

Togiak River 

A t o t a l  of 0.5 mil l ion sockeye salmon (80% confidence range, 0.4 t o  0.7 mil- 
l i on )  was forecasted t o  re turn  t o  t h i s  system based upon the pooled r e s u l t s  
of Standard ADF&G and Japanese Research Catches methods (Table 4 ) .  The Standard 
ADF&G method predict ion f o r  t o t a l  re turns  t o  t h i s  system was 0.6 mil l ion sock- 
eye salmon (Table 5 ) .  Only spawner-recruit and s ib l ing  age c lasses  information 
were avai lable  f o r  t h i s  system (Table 14) .  A discussion of r e su l t s  f o r  each 
major age c lass  follows. 

Spawner-recrui t and s i  bl i ng age c lasses  components produced return est imates 
of 0.179 and 0.088 mil l ion,  respectively.  This resul ted  i n  a Standard ADF&G 
predicted return of 0.134 mill ion 4, sockeye salmon and a f i na l  pooled pre- 
dicted return of 0.143 mill ion (80% confidence range, 0.092 t o  0.193 mi l l ion) .  



Table 14. Forecasted returns of major age classes of sockeye salmon to the 
Togiak River system, Bristol Bay, in 1986 based upon spawner- 
recru i t  and sibling returns components to the Standard ADF&G 
method. 

Spawner-Recruit Component 

Parental Predicted Return 
Spawning Based on Linear 

Age Escapement Regression 
Class (thousands)   thousand^)^ 

Sibling Returns Component 

Predicted Return 
Sibling Based on Linear 

Age Return in 1985 Regression 
Class (thousands) (thousands) ' ------ ----------------- ----------------- 

42 153 (32) 88 (0.01) 
52 73 (42) 193 (0.20) 
63 12 (53) 15 (0.26) ................................................... 

I Coefficient of determination (R2) shown in parentheses. 
* Spawning escapement in 1980 largest  ever recorded. 
3 Actual return to date has been much less  than tha t  based 

upon Ri cker re1 a t i  onshi p . Return calculated wi t h  mean 
proportion method (see Methods sect ion) .  



The 1981 spawning escapement o f  0.3 m i  11 i o n  was the  second h ighest  ever 
recorded, and was exceeded on l y  by the  1980 escapement o f  0.5 m i l l i o n .  
(Another escapement o f  0.3 m i  11 i o n  occurred i n  1978). A p r e d i c t i o n  based 
upon s i b l i n g  age classes could no t  be made s ince no 4, sockeye salmon were 
obtained from samples c o l l e c t e d  i n  1985. Therefore, the 5, age c lass  fo re -  
cas t  f o r  t h i s  system was o n l y  based upon r e s u l t s  from the spawner-recru i t  
component. This  produced a  Standard ADF&G pred ic ted  r e t u r n  of 0.057 m i l l i o n  
5, sockeye salmon and a  f i n a l  pooled p red i c ted  r e t u r n  of 0.061 m i l l i o n  (80% 
confidence range, 0.039 t o  0.082 m i  1  1  i on ) .  

Spawner-recrui t  and s i b l i n g  age classes components produced r e t u r n  est imates 
o f  0.525 and 0.193 m i l l i o n ,  respec t i ve l y .  This r e s u l t e d  i n  a  Standard ADF&G 
p red i c ted  r e t u r n  o f  0.359 m i l l i o n  5, sockeye salmon and a f i n a l  pooled pre-  
d i c t e d  r e t u r n  o f  0.299 m i l  1  i o n  (80% conf idence range, 0.212 t o  0.387 m i l l  i o n ) .  

The 1980 spawning escapement of 0.5 m i l l i o n  sockeye salmon was the  greates t  
ever recorded. Since ac tua l  re tu rns  t o  date have been much less  than t h a t  
based upon a  Ricker- type spawner-recrui t r e l a t i o n s h i p ,  t h e  mean p ropo r t i on  
method was used t o  p r e d i c t  6.3 re tu rns  i n  1986. This  produced a  spawner-recrui t 
r e t u r n  est imate of 0.029 m i l l i o n ,  which was o n l y  about h a l f  t h a t  of t he  s i b l i n g  
age classes est imate o f  0.015 m i l l i o n .  This  r e s u l t e d  i n  a  Standard ADF&G pre-  
d i c t e d  r e t u r n  of 0.022 m i l l i o n  6.3 sockeye salmon and a  f i n a l  pooled p red i c ted  
r e t u r n  of 0.018 m i l l i o n  (80% confidence range, 0.013 t o  0.024 m i l l i o n ) .  

SUMMARY 

The t o t a l  f o recas t  based upon the  Standard ADF&G method was o n l y  24% g rea te r  
than t h a t  based upon the  Japanese Research Catches method (Table 1) .  The 
greates t  d i f fe rence between the  two methods was found f o r  three-ocean r e t u r n  
p red i c t i ons :  t he  Standard ADF&G est imate was about tw i ce  the  est imate based 
on Japanese Research Catches (Table 15).  Since pas t  performance o f  the Stan- 
dard ADF&G method has been somewhat b e t t e r  than t h a t  o f  t he  Japanese Research 
Catches method (Tables 2  and 3) ,  t he  pooled fo recas t  most c l o s e l y  resembled 
the  Standard ADF&G est imate (Table 15). Incons is tenc ies  between the two 
methods, as we1 1  as among component models w i t h i n  the Standard ADF&G method, 
i n d i c a t e  t h a t  t he  most 1  i k e l y  dev ia t i ons  from the pooled fo recas t  f o r  most 
systems would be greater  than p red i c ted  two-ocean re tu rns  and l e s s  than pre- 
d i  c ted  three-ocean re tu rns  (Table 16).  
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Table 15. Comparison o f  t o t a l  forecas ted  r e tu rns  of major age c l a s ses  of 
sockeye salmon t o  Br is to l  Bay, Alaska, i n  1986. 

..................................................... 
Forecast (millions) 

Japanese 
Standard Research Weighted 

Age Class ADF&G Catches Mean ...................................................... 
*2 3.7 (16%) 4.2 (22%) 3.9 (17%) 
53 8.2 (34%) 9.5 (50%) 8.8 (39%) ---- ---- ---- 

two-ocean 11.9 (50%) 13.7 (72%) 12.7 (56%) 

52 6.8 (29%) 3.1 (16%) 5.6 (25%) 
63 5.0 (21%) 2.3 (12%) 4.2 (19%) ---- ---- ---- 

three-ocean 11.8 (50%) 5.4 (28%) 9.8 (44%) ---- ---- ---- 
Total 23.7 (100%) 19.1 (100%) 22.5 (100%) ...................................................... 



Table 16. Synopsis of sockeye salmon re tu rns  t o  Br is to l  Bay, Alaska, r ive r -  
lake  systems f o r  age c l a s ses  in  which devia t ions  of forecas ted  
from actual  re turns  a r e  most 1 i kely t o  occur in  1986. 

Age Forecast 
System Class (millions) 

Summary of 
Indicators 

Possible 
Deviation 

- - - - - - - - - - - - - 

Kvichak 42 1.226 No 32 return in 1985, 
(0.791-1.663) but smolt prediction 

five times greater than 
spawner-recruit prediction GREATER 
and two-ocean returns in RETURN 
Japanese Research Catches (upper 
prediction greater than 80% CI) 
that in Standard ADF&G 

53 2.257 No 43 return in 1985, 
(1.454-3.059) but smolt prediction 

two times greater than GREATER 
spawner-recruit prediction RETURN 
and two-ocean returns in (upper 
Japanese Research Catches 80% CI) 
prediction greater than 
that in Standard ADF&G .................................................................. 

Naknek 42 0.558 Smolt prediction about 
(0.360-0.756) two times greater than 

spawner-recruit and GREATER 
sibling age classes RETURN 
predictions; two-ocean (upper 
returns in Japanese 80% CI) 
Research Catches 
prediction greater than 
that in Standard ADFtG 

53 0.960 Smolt prediction about 
(0.619-1.301) three times greater than 

spawner-recruit and GREATER 
sibling age classes RETURN 
predictions; two-ocean (above 
returns in Japanese upper 
Research Catches 80% CI) 
prediction greater than 
that in Standard ADF&G 



Table 16. Synopsis of sockeye salmon r e t u r n s  t o  Br is to l  Bay, Alaska, r i v e r -  
lake  systems f o r  age c l a s ses  in which devia t ions  of forecas ted  
from actual  r e tu rns  a r e  most 1 ike ly  t o  occur i n  1986 (cont inued) .  

.................................................................. 
Age Forecast Summary of Possible 

System Class (millions) Indicators Deviation .................................................................. 
Egegik 63 1.857 Smolt prediction four 

(1.313-2.400) times less than spawner- 
-recruit and almost two LESSER 
times less than sibling RETURN 
age classes prediction; (below 
three-ocean component of lower 
Japanese Research Catches 80% GI) 
prediction much less than 
that in Standard ADF&G .................................................................. 

Ugashik 42 0.454 Smolt prediction almost 
(0.293-0.616) eight times greater than 

spawner-recruit and GREATER 
sibling age classes RETURN 
predictions; two-ocean ( above 
returns in Japanese upper 
Research Catches 80% CI) 
prediction greater than 
that in Standard ADF&G 

53 2.378 Smolt prediction about 
(1.533-3.224) two times greater than 

spawner-recruit and GREATER 
thirteen times greater RETURN 
than sibling age classes (above 
predictions; two-ocean upper 
returns in Japanese 80% CI) 
Research Catches 
prediction greater than 
that in Standard ADF&G 

52 1.342 Smolt prediction about 
(0.949-1.734) three times less than 

spawner-recruit and LESSER 
sibling age classes RETURN 
predictions; three-ocean (below 
returns in Japanese lower 
Research Catches 80% CI) 
prediction much less than 
that in Standard ADF&G .................................................................. 

-Conti nued- 



Table 16. Synopsis of sockeye salmon returns t o  Bristol  Bay, Alaska, r ive r -  
lake systems fo r  age c lasses  i n  which deviat ions of forecasted 
from actual re turns  a r e  most l i ke ly  t o  occur i n  1986 (continued). 

................................................................. 
Age Forecast Summary of Possible 

System Class (millions) Indicators Deviation ................................................................. 
Ugashik 63 0.722 This would be greatest 

(0.510-0.933) 63 return ever observed, 
previous record 0.533 
million in 1985; all LESSER 
Standard ADF&G component RETURN 
predictions greater than (lower 
0.653 million, but three- 80% CI) 
ocean returns in Japanese 
Research Catches prediction 
much less than that in 
Standard ADF&G .................................................................. 

Wood 52 0.774 Low 52 return when compared 
(0.547-1.001) with range of 1.1 to 2.4 

million for previous eight 
years; spawner-recruit and GREATER 
smolt predictions both RETURN 
about 1.0 million, sibling (upper 
age classes prediction 80% CI) 
about 0.7 million; three- 
ocean returns in Japanese 
Research Catches prediction 
much less than that in 
Standard ADF&G .................................................................. 

Igushik s2 0.456 Spawner-recruit prediction 
(0.322-0.589) over two times greater 

than sibling age classes LESSER 
prediction; three-ocean RETURN 
returns in Japanese (lower 
Research Catches 80% CI) 
prediction much less than 
that in Standard ADF&G 

Togiak 52 0.299 Sibling age classes 
(0.212-0.387) prediction almost three 

times less than spawner- LESSER 
recruit prediction; RETURN 
three-ocean returns in (lower 
Japanese Research Catches 80%CI) 
prediction much less than 
that in Standard ADF&G 
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